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(54) Diode element 

(57) The invention relates to technology improving 
the withstand voltage of a Schottky diode. With a diode 
ofthe present invention, the distance a between the long 
sides of the narrow groove withstand voltage portions 
and the inner ring circumference of the intermediate 
withstand voltage portion is set to twice the distance b 
between the short sides of the narrow groove withstand 
voltage portions and the inner ring circumference of the 
intermediate withstand voltage portion. Furthermore, 
the distance c between the inner ring circumference of 
the innermost outer withstand voltage portions and the 
outer ring circumference of the intermediate withstand 
voltage portion, the distance u between the adjacent 
outer withstand voltage portions, and the distance d be- 
tween the adjacent narrow groove withstand voltage 
portions are all equal to the distance a. Also, the ring 
width w of the outer withstand voltage portions and the 
intermediate withstand voltage portion as well as the 
width y of the narrow groove withstand voltage portions 
are the same. Thus, the entire inner side of the outer- 
most outer withstand voltage portion becomes depleted, 
and there are no local concentrations of the electric field 
at the portions located on the inner side of the outermost 
outer withstand voltage portion, so that the withstand 
voltage is improved in comparison to a conventional el- 
ement. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to diodes, and 
more particularly to diodes having a structure, in which 
a semiconductor crystal has been epitaxially grown in 
narrow grooves. 

BACKGROUND OF THE INVENTION 

[0002] Fig. 21 is a plan view of a conventional diode 
101, and Fig. 22 is a cross-sectional view taken along 
the line P-P in Fig. 21. 

[0003] This diode 101 includes an N-type silicon sub- 
strate 111. An N-type epitaxial layer 112 is formed on 
the surface of the silicon substrate 111. 
[0004] The grooves whose planar shape is that of a 
rectangular ring surface are provided on the surface of 
the epitaxial layer 112. In the case shown, three rectan- 
gular ring-shaped grooves are provided, and these ring- 
shaped grooves are arranged concentrically. The ring- 
shaped grooves are each filled with a semiconductor 
layer containing P-type impurities and formed by epitax- 
ial growth. 

[0005] The innermost of these rectangular ring- 
shaped semiconductor layers is an intermediate with- 
stand voltage portion 128. Two outer withstand voltage 
portions 127! and 127 2 are arranged concentrically on 
the outside this intermediate withstand voltage portion 
128. A plurality of narrow grooves with a rectangular pla- 
nar shape are arranged on the inner side of the inter- 
mediate withstand voltage portion 128. These narrow 
grooves are arranged parallel to one another. The nar- 
row grooves are filled with narrow groove withstand volt- 
age portions 1 25, to 1 25 3 made of semiconductor layers 
containing P-type impurities and formed by epitaxial 
growth. 

[0006] A thermal oxide film 114 and a PSG (Phospho- 
Silicate glass) film 115 are formed in. that order on the 
surface of the epitaxial layer 112. An anode electrode 
118 made of a metal thin film is disposed on the PSG 
film 115. An opening is formed in the thermal oxide film 
114 and the PSG film 115 at the same position. The epi- 
taxial layer 112, the narrow groove withstand voltage 
portions 125! to 125 3 and the intermediate withstand 
voltage portion 128 are exposed at the bottom of this 
opening and are in contact with the anode electrode 1 1 8. 
[0007] The anode electrode 118 is a metaf thin film 
forming a Schottky junction with the epitaxial layer 112 
and forming an ohmic junction with the narrow groove 
withstand voltage portions 125, to 125 3 and the inter- 
mediate withstand voltage portion 128. 
[0008] When a positive voltage is applied to the anode 
electrode 118 and a negative voltage is applied to the 
cathode electrode 119 of the diode 101 with this struc- 
ture, then the Schottky junction between the anode elec- 
trode 118 and the epitaxial layer 112 is forward biased, 



and a current flows from the anode electrode 118 to the 
cathode electrode 119. 

[0009] When, conversely, a negative voltage is ap- 
plied to the anode electrode 118 and a positive voltage 

5 is applied to the cathode electrode 119, then the 
Schottky junction between the anode electrode 1 1 8 and 
the epitaxial layer 112 and the PN junctions between the 
narrow groove withstand voltage portions 125! to 125 3 
and the intermediate withstand voltage portion 128 and 

10 the epitaxial layer 112 are reverse biased, and no cur- 
rent flows. In this situation, a depletion layer spreads 
from the PN junctions in the lateral direction in the epi- 
taxial layer 112. 

[0010] Conventionally, the widths and spacings be- 
15 tween the narrow groove withstand voltage portions 
125! to 125 3 , the intermediate withstand voltage portion 
128 and the outer withstand voltage portions 127! and 
1 27 2 were not set with withstand voltage in mind, so that 
even when the epitaxial layer 112 is depleted between 
20 the long side of the narrow groove withstand voltage 
portions 125! to 125 3 and the inner ring circumference 
of the intermediate withstand voltage portion 128, the 
epitaxial layer 112 was not necessarily depleted be- 
tween the short side of the narrow groove withstand volt- 
es age portions 125! to 125 3 and the inner ring circumfer- 
ence of the intermediate withstand voltage portion 128. 
Thus, electric fields concentrated at the locations where 
no depletion layer is formed, and the withstand voltage 
was decreased. 
30 [0011] It is thus an object of the present invention to 
overcome these problems of the related art and to pro- 
vide a diode element with high withstand voltage. 
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SUMMARY OF THE INVENTION 



[0012] In order to attain the above-described object, 
in a first aspect of the present invention, a diode element 
includes a substrate of a first conductivity type, a plural- 
ity of grooves formed in a main surface of the substrate, 
40 a semiconductor filler that is made of a semiconductor 
of a second conductivity type, which is opposite to the 
first conductivity type, filled into the grooves, and an 
electrode film arranged on the main surface, wherein a 
Schottky junction is formed at a portion where the elec- 
ts trode film contacts the surface of the substrate, and an 
ohmic junction is formed at a portion where the electrode 
film contacts the surface of the semiconductor filler, 
wherein the grooves comprise a first narrow groove ring, 
whose planar shape is a ring and whose inner circum- 
50 ference is quadrilateral, and a plurality of rectangular 
narrow grooves, whose planar shape is a narrow rec- 
tangle, which are arranged at positions on the inner side 
of the inner ring circumference of the first narrow groove 
ring, and four sides of the rectangular narrow groove are 
55 arranged parallel to the inner ring circumference of the 
first narrow groove ring, wherein one intermediate with- 
stand voltage portion and a plurality of narrow groove 
withstand voltage portion are constituted by the semi- 
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conductor filler filled into the first narrow groove ring and 
the rectangular narrow grooves, wherein the surface of 
the narrow groove withstand voltage portions and the 
substrate surface between the narrow groove withstand 
voltage portions is in contact with the electrode film, and 5 
wherein, the distance a between the long sides of the 
narrow groove withstand voltage portions opposing to 
the inner ring circumference of the intermediate with- 
stand voltage portion and the inner ring circumference 
of the intermediate withstand voltage portion is set to to 
substantially twice the distance b between the short 
sides of the narrow groove withstand voltage portions 
and the inner ring circumference of the intermediate 
withstand voltage portion. 

[0013] According to a second aspect of the present ts 
invention, in a diode element according to the first as- 
pect of the present invention, the intermediate withstand 
voltage portion does not contact the electrode film and 
is at floating potential 

[0014] According to a third aspect of the present in- 20 
vention, in a diode element according to the first aspect 
of the present invention, the grooves further include a 
ring-shaped second narrow groove ring enclosing the 
first narrow groove ring, wherein an outer withstand volt- 
age portion is constituted by the semiconductor filler 25 
filled into the second narrow groove ring, wherein the 
intermediate withstand voltage portion contacts the 
electrode film, and wherein the outer withstand voltage 
portion does not contact the electrode film and is at float- 
ing potential. 30 
[001 5] According to a fourth aspect of the present in- 
vention, a diode element according the first aspect of 
the present invention, includes a plurality of narrow 
groove withstand voltage portions, wherein the narrow 
groove withstand voltage portions are arranged in par- 35* 
allel to one another at a distance d between the long 
sides of the narrow groove withstand voltage portions; 
and wherein this distance d is substantially the same as 
the distance a between the long sides of the narrow 
groove withstand voltage portions opposing to the inner <o 
ring circumference of the intermediate withstand voltage 
portion and the inner ring circumference of the interme- 
diate withstand voltage portion. 

[001 6] According to a fifth aspect of the present inven- 
tion, in a diode element according to third or fourth as- 45 
pect of the present invention, a ring width w of the outer 
withstand voltage portion and the intermediate with- 
stand voltage portion is substantially the same as a 
width y of the rectangular narrow grooves, and a dis- 
tance c between the inner ring circumference of the out- 50 
er withstand voltage portions and the outer ring circum- 
ference of the intermediate withstand voltage portion is 
substantially the same as the distance a between the 
long sides of the narrow groove withstand voltage por- 
tions opposing to the inner ring circumference of the in- 55 
termediate withstand voltage portion and the inner ring 
circumference of the intermediate withstand voltage 
portion. 



[0017] In the diode element of the present invention, 
the distance a between the long sides of the narrow 
groove withstand voltage portions opposing to the inner 
ring circumference of the intermediate withstand voltage 
portion and the inner ring circumference of the interme- 
diate withstand voltage portion is set to substantially 
twice the distance 6 between the short sides of the nar- 
row groove withstand voltage portions and the inner ring 
circumference of the intermediate withstand voltage 
portion. 

[001 8] Such a diode element is shown in Figs. 23 and 

24. Fig. 23 is a plan view of the diode element, and Fig. 
24 is a cross-sectional view taken along the line H-H in 
Fig. 23. 

[0019] This diode element has a semiconductor sub- 
strate 10 of a first conductivity type, and a main surface 
of this semiconductor substrate is provided with narrow 
groove rings having a ring-shaped planar shape. A plu- 
rality of rectangular narrow grooves is arranged on the 
inner side of the first narrow groove ring , which is located 
on the innermost side. The narrow groove rings are ar- 
ranged concentrically, and the rectangular narrow 
grooves are arranged parallel to one another. A plurality 
of narrow groove withstand voltage portions 25 1 to 25 3 
made of a semiconductor filler of a second conductivity 
type are formed inside the rectangular narrow grooves, 
an intermediate withstand voltage portion 28 made of 
the semiconductor filler of the second conductivity type 
is formed in the first narrow groove ring, which is the 
innermost of the narrow groove rings, and an outer with- 
stand voltage portion 27, made of the same semicon- 
ductor filler is formed in the narrow grooves ring to the 
outside thereof. 

[0020] A thermal oxide film 14 and PSG film 15 are 
formed lamination film in that order on the surface of 
semiconductor substrate 10. An opening is arranged on 
the center of the lamination film, and at least a part of 
surface of the narrow groove withstand voltage portions 

25, to 25 3 and a part of surface of the semiconductor 
substrate 10 where the location between the narrow 
groove withstand voltage portions 25 1 to 25 3 are ex- 
posed at a bottom of the opening. An electrode film 18 
is formed on the surface of the lamination film where the 
opening is arranged. Therefore, the electrode film 18 is 
in contact with the narrow groove withstand voltage por- 
tions 25, to 25 3 and semiconductor substrate 10 at the 
bottom of opening. At the surface of semiconductor sub- 
strate 10 interposed between intermediate withstand 
voltage portion 28 and narrow groove withstand portions 
25, to 25 3 , the lamination film is arranged, so that the 
surface of semiconductor substrate 10 is not in contact 
with the electrode film 18. Furthermore, a cathode elec- 
trode 19 forming an ohmic junction with the semicon- 
ductor substrate 10 is arranged at the surface of the 
semiconductor substrate 10 on the side opposite to the 
main suface. 

[0021] In this diode 1 , assuming that the first conduc- 
tivity type is N and the second conductivity type is P, 
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when a positive voltage is applied to the electrode film 
18 and a negative voltage is applied to the cathode elec- 
trode 19, then the Schottky junction between the elec- 
trode film 18 and the semiconductor substrate 10 is for- 
ward biased, and a current flows through the Schottky 5 
junction from the electrode film 18 to the cathode elec- 
trode 1 9. In this situation, also the PN junctions between 
the narrow groove withstand voltage portions 25, to 25 3 
and the semiconductor substrate 10 are forward biased, 
but the barrier height of the PN junctions is higher than io 
the barrier height of the Schottky junction, so that either 
no current at all or only a very small current flows 
through the PN junctions. 

[0022] When a negative voltage is applied to the elec- 
trode film 18 and a positive voltage is applied to the cath- 15 
ode electrode 19, then the Schottky junction between 
the electrode film 18 and the semiconductor substrate 
10 and the PN junctions between the narrow groove 
withstand voltage portions 25, to 25 3 and the semicon- 
ductor substrate 10 are reverse biased and no current 20 
flows. 

[0023] Between the narrow groove withstand voltage 
portions 25 1 to 25 3 , a depletion layer spreads from the 
Schottky junction between the electrode film 1 8 and the 
semiconductor substrate 10 and from the PN junctions 25 
between the narrow groove withstand voltage portions 
25, to 25 3 and the semiconductor substrate 1 0 . into the 
semiconductor substrate 10 between the narrow groove 
withstand voltage portions 25 A to 25 3 . On the other 
hand, between the inner ring circumference of the inter- 30 
mediate withstand voltage portion 28 and the narrow 
groove withstand voltage portions 25! to 25 3 , the elec- 
trode film 1 8 is not in contact with the surface of the sem- 
iconductor substrate 10, and no Schottky diode is 
formed, so that the depletion layer spreads only from 35 
the PN junctions between the narrow groove withstand 
voltage portions 25, to 25 3 and the semiconductor sub- 
strate 10 into the semiconductor substrate 10. 
[0024] Numeral 25 in Fig. 25 denotes one narrow 
groove withstand voltage portion of narrow rectangular <o 
shape, whose long sides are parallel and adjacent to the 
inner ring circumference of the intermediate withstand 
voltage portion 28. 

[0025] Numeral 25d in Fig. 25 denotes the edge of the 
outward-facing depletion layer spreading in outward di- 45 
rection from the PN junction between the long sides of 
the narrow groove withstand voltage portion 25 and the 
semiconductor substrate 10. Numeral 28d in Fig. 25 de- 
notes the edge of the inward-facing depletion layer 
spreading in inward direction from the PN junction be- 50 
tween the inner ring circumference of the intermediate 
withstand voltage portion 28 and the semiconductor 
substrate 10. In Fig. 25, the depletion layer spreading 
from the Schottky junction formed between the semi- 
conductor substrate 10 and the electrode film 18 has 55 
been omitted. 

[0026] Ordinarily, the impurity concentration of the 
substrate is uniform, and when the same voltage is ap- 



plied to the intermediate withstand voltage portion 28 
and all narrow groove withstand voltage portions 25, to 
25 3 , then the width of the depletion layer spreading from 
the intermediate withstand voltage portion 28 is the 
same as the width of the depletion layers spreacing from 
the narrow groove withstand voltage portions 25, to 25 3 . 
[0027] Consequently, if the depletion layer spreading 
from the intermediate withstand voltage portion 28 con- 
tacts the depletion layers spreading from the narrow 
groove withstand voltage portions 25 adjacent to the in- 
termediate withstand voltage portion 28, then the deple- 
tion layers meet at a location that is in the middle be- 
tween the intermediate withstand voltage portion 28 and 
the narrow groove withstand voltage portion 25. 
[0028] Since a is the distance between the inner ring 
circumference of the intermediate withstand voltage 
portion 28 and the long side of the narrow groove with- 
stand voltage portions 25 adjacent to the intermediate 
withstand voltage portion 28, the edge 28d of the deple- 
tion layer spreading in inward direction from the inter- 
mediate withstand voltage portion 28 and the edge 25d 
of the depletion layers spreading in outward direction 
from the long side of the narrow groove withstand volt- 
age portions 25 meet at a location at half that distance 
a/2. 

[0029] The reference numerals 10, to 70 4 in Fig. 25 
denote corner portions, which are the vicinities of the 
four corners of one narrow groove withstand voltage 
portion 25, and these corner portions 10, to 70 4 are 
formed at the four corners of each of the narrow groove 
withstand voltage portions 25! to 25 3 respectively. 
[0030] Ordinarily, the depletion layers spreading in 
outward direction from the long sides of the narrow 
groove withstand voltage portions 25, to 25 3 except for 
the corner portions 10, to 70 4 extend in a direction per- 
pendicular to the long side. The depletion layer spread- 
ing in outward direction from the corner portions 70, to 
70 4 extend not only in the direction perpendicular to the 
long side but also in the direction perpendicular to the 
short side. At the corner portions 10, to 70 4 , an amount 
of depletion layer spreading in the direction perpendic- 
ular to the long side is smaller than the amount of de- 
pletion layer spreading from the long side except for the 
corner portions 10, to 70 4 . In the result, the outward 
edge 25d of the depletion layer at the corner portions 
10, to 70 4 is rounded. 

[0031] Assuming that the four corners of the depletion 
layer are rounded and the outward edge 25d of the out- 
ward-facing depletion layer contact the long side of the 
edge 28d of the inward-facing depletion layer except at 
the corner portions 10, to 70 4 , at a position of the dis- 
tance a/2, then virtual deficient portions of depletion lay- 
er appear in the regions close to the corner portions 70, 
to 70 4 . 

[0032] Fig. 26 is a partial enlarged view of the inter- 
mediate withstand voltage portion 28 denoted by nu- 
meral 30 in Fig. 25 and one narrow groove withstand 
voltage portion 25 opposing to its inner ring circumfer- 
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ence. Numeral 82 in Fig. 26 denotes the edge of the 
outward-facing depletion layer, assuming that it has 
reached the distance a/2 perpendicular to the long edg- 
es in a situation in which the outward-facing edge of the 
depletion layer near the corner portions 70 1 to 70 4 is 5 
rounded. Numeral 81a in Fig. 26 is the line marking the 
position at a distance of a/2. 

[0033] Numeral 81 in Fig. 26 denotes the virtual defi- 
cient portion of the depletion layer. This virtual deficient 
portion 81 is the region enclosed by the extending line 10 
81b extended from the short side of the narrow groove 
withstand voltage portion 25, the line 81a and the edge 
82 of the depletion layer. 

[0034] This virtual deficient portion 81 appears at 
each of the four outward corners of the outward-facing 15 
depletion layer, so that there are four in total such virtual 
deficient portions 81. 

[0035] Numeral 80 in Fig. 26 denotes the protruding 
portion enclosed by the line 86, which is line parting the 
short side of that narrow groove withstand voltage por- 20 
tion 25 in two equal parts, the extending line 81b and 
the edge 82 of the depletion layer. This protruding por- 
tion 80 appears twice at each short side of the narrow 
groove withstand voltage portion 25, so that there are a 
total of four for each narrow groove withstand voltage 25 
portion 25. The total volume of these four protruding por- 
tions 80 is equal to the total volume of the depletion layer 
spreading from the short side of the narrow groove with- 
stand voltage portion 25. The total volume of the deple- 
tion layer bulging out is the same as the total volume of 30 
the above-described four virtual deficient portions 81, 
so that when the four protruding portions 80 are as- 
sumed to be allocated to the respective four virtual de- 
ficient portions 81, then the depletion layer spreading 
from one narrow groove withstand, voltage portion 25 35 
spreads to an narrow rectangular shape in a direction 
perpendicular to the long sides of the narrow groove 
withstand voltage portion 25, but does not spread at all 
from the short sides. 

[0036] Even in this situation in which the depletion lay- 40 
er does not spread at all from the short sides of the nar- 
row groove withstand voltage portion 25, the edge 28d 
of the depletion layer extending from the inner ring cir- 
cumference of the intermediate withstand voltage por- 
tion 28 should reach the short side of the narrow groove 45 
withstand voltage portion 25, in order to deplete the sub- 
strate between the short sides of the narrow groove 
withstand voltage portions 25 and the intermediate with- 
stand voltage portion 28. 

[0037] When the edge 25d of the outward-facing de- 50 
pletion layer spreading from the narrow groove with- 
stand voltage portion 25 and the edge 28d of the inward- 
facing depletion layer spreading from the inner ring cir- 
cumference of the intermediate withstand voltage por- 
tion 28 meet, and the inward-facing depletion layer ex- 55 
tends for the distance a/2 at the portion opposing to the 
long side of the narrow groove withstand voltage portion 
25, then it extends also for the distance a/2 at the portion 
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opposing to the short sides of the narrow groove with- 
stand voltage portion 25. Consequently, if the distance 
between the inner ring circumference of the intermedi- 
ate withstand voltage portion 28 and the short side of 
the narrow groove withstand voltage portions 25 is set 
to a/2, then the edge 28d of the depletion layer spread- 
ing from the inner ring circumference of the intermediate 
withstand voltage portion 28 reaches the short side of 
the narrow groove withstand voltage portion 25 in this 
situation, and the substrate between the short side of 
the narrow groove withstand voltage portion 25 and the 
inner ring circumference of the intermediate withstand 
voltage portion 28 is completely depleted. 
[0038] Since the narrow groove withstand voltage 
portions 25 are arranged parallel each other, the deple- 
tion layer spreads also in the substrate located between 
the two sides of parallel adjacent narrow groove with- 
stand voltage portions 25. 

[0039] When the substrate between the narrow 
groove withstand voltage portions 25 and the inner ring 
circumference of the intermediate withstand voltage 
portion 28 is completely depleted, then the outward-fac- 
ing depletion layer spreading from the long side of the 
narrow groove withstand voltage portions 25 extends for 
the distance a/2. 

[0040] If the distance between the long sides of adja- 
cent narrow groove withstand voltage portions 25 is set 
to the distance a, then the edge of the depletion layers 
extending from the long sides of the adjacent narrow 
groove withstand voltage portions 25 also spread for a/ 
2 each, and they meet in the middle between the adja- 
cent narrow groove withstand voltage portions 25, so 
that when the substrate between the narrow groove 
withstand voltage portions 25 and the inner ring circum- 
ference of the intermediate withstand voltage portion 28 
is completely depleted, also the substrate between the 
adjacent narrow groove withstand voltage portions 25 
is completely depleted. 

[0041 ] As described above, the distance between the 
inner ring circumference of the intermediate withstand 
voltage portion 28 and the long sides of the narrow 
groove withstand voltage portions 25 is set to a, the dis- 
tance between the inner ring circumference of the inter- 
mediate withstand voltage portion 28 and the short sides 
of the narrow groove withstand voltage portions 25 is 
set to a/2, and the distance between the adjacent narrow 
groove withstand voltage portions 25 is set to a, then 
the substrate inward from the inner ring circumference 
of the intermediate withstand voltage portion 28 is com- 
pletely depleted. 

[0042] If the depletion layer has spread for the dis- 
tance a/2 inward from the inner ring circumference of 
the intermediate withstand voltage portion 28, then the 
depletion layer also spreads for the distance a/2 out- 
ward from the outer ring circumference of the interme- 
diate withstand voltage portion 28. 
[0043] As shown in Fig. 23, a ring-shaped outer with- 
stand voltage portion 27^ is arranged on the outer side 
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of the outer ring circumference of the intermediate with- 
stand voltage portion 28. If the intermediate withstand 
voltage portion 28 and the outer withstand voltage por- 
tion 27} are at the same potential when the depletion 
layer has spread for the distance a/2 from the outer ring 5 
circumference of the intermediate withstand voltage 
portion 28, the depletion layer spreads for the distance 
a/2 inward from the inner ring circumference of the outer 
withstand voltage portion 27 t . 

[0044] Consequently, if the distance between the out- 10 
er ring circumference of the intermediate withstand volt- 
age portion 28 and inner ring circumference of the outer 
withstand voltage portion 27} is set to a, then the edges 
of the adjacent depletion layers meet and the substrate 
between the intermediate withstand voltage portion 28 15 
and the outer withstand voltage portion is completely de- 
pleted when the depletion layer has spread outward for 
the distance a/2 from the outer ring circumference of the 
intermediate withstand voltage portion 28. When the 
substrate inward from the inner ring circumference of 20 
the intermediate withstand voltage portion 28 is com- 
pletely depleted, then the depletion layer spreads for the 
distance a/2 outward from the outer ring circumference 
of the intermediate withstand voltage portion 28, so that 
in this situation, the substrate located on the inner side 25 
of the outer withstand voltage portion 27} is completely 
depleted. 

[0045] It should be noted that if the N-type substrate 
on the inner side of the inner ring circumference of the 
intermediate withstand voltage portion 28 is completely 30 
depleted, then the narrow groove withstand voltage por- 
tions 25, which are P-type regions located on the inner 
side of the inner ring circumference of the intermediate 
withstand voltage portion 28 is completely depleted, and 
the depletion layer also spread into the intermediate 35 
withstand voltage portion 28. 

[0046] Furthermore , if the N-type substrate located on 
the inner side of the inner ring circumference of any out- 
er withstand voltage portion is completely depleted, the 
P-type region located on the inner side of that outer with- 40 
stand voltage portion, such as the outer withstand volt- 
age portion or the intermediate withstand voltage por- 
tion, are completely depleted, and a depletion layer 
spreads also to the inside of that outer withstand voltage 
portion. 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] 

50 

Fig. 1 is a plan view illustrating a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 2 is a cross-sectional view along the line A-A 
in Fig. 1. 

Fig. 3 is a first cross-sectional view illustrating a 55 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 4 is a second cross-sectional view illustrating 



a process for manufacturing a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 5 is a third cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 6 is a fourth cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 7 is a fifth cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 8 is a sixth cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 9 is a seventh cross-sectional view illustrating 
a process for manufacturing a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 10 is an eighth cross-sectional view illustrating 
a process for manufacturing a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 11 is a ninth cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 12 is a tenth cross-sectional view illustrating a 
process for manufacturing a diode element accord- 
ing to an embodiment of the present invention. 
Fig. 1 3 is a eleventh cross-sectional view illustrating 
a process for manufacturing a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 14 is a twelfth cross-sectional view illustrating 
a process for manufacturing a diode element ac- 
cording to an embodiment of the present invention. 
Fig. 15 is a first plan view illustrating a process for 
manufacturing a diode element according to an em- 
bodiment of the present invention. 
Fig. 16 is a second plan view illustrating a process 
for manufacturing a diode element according to an 
embodiment of the present invention. 
Fig. 17 is a plan view illustrating a diode element 
according to an embodiment of the present inven- 
tion in which relay diffusion layers are provided. 
Fig. 18 is a cross-sectional view along the line F-F 
in Fig. 17. 

Fig. 19 is a plan view illustrating the structure of an- 
other embodiment according to the present inven- 
tion. 

Fig. 20 is a cross-sectional view along the line G-G 
in Fig. 19. 

Fig. 21 is a plan view illustrating the structure of a 
conventional diode. 

Fig. 22 is a cross-sectional view along the line P-P 
in Fig. 21. 

Fig. 23 is a plan view illustrating a diode element of 
the present invention. 

Fig. 24 is a cross-sectional view along the line H-H 
in Fig. 23. 

Fig. 25 is a plan view illustrating how the intermedi- 
ate withstand voltage portion and the narrow groove 
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withstand voltage portion near its inner ring circum- 
ference are arranged. 

Fig. 26 is a plan view showing a virtual depletion 
layer spreading from near the corner portions of a 
narrow groove withstand voltage portion of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] The following is a description of embodiments 
of the present invention, with reference to the accompa- 
nying drawings. 

[0049] First, a method for manufacturing a diode in ac- 
cordance with an embodiment of the present invention 
is described. 

[0050] In Fig. 3, numeral 11 denotes an N-type silicon 
substrate 11. An N-type epitaxial layer 12 is formed on 
the surface of this silicon substrate 11, and a thermal 
oxide film 13 is formed on the surface of the N-type epi- 
taxial layer 12. The silicon substrate 11 and the epitaxial 
layer 12 are an example of a substrate of the present 
invention. 

[0051] Next, a patterned resist film 61 is formed on 
the surface of the oxide film 13, as shown in Fig. 4. As 
shown in the plan view of Fig. 15, this resist film 61 has 
a plurality of openings 66, to 66 3 whose planar shape 
is that of a rectangular ring and a plurality of openings 
65 1 to 65 3 having an narrow rectangular planar shape. 
The thermal oxide film 13 is exposed at the bottom of 
the rectangular ring-shaped openings 66, to 66 3 and the 
narrow rectangular openings 65, to 65 3 . 
[0052] In this example, three rectangular ring-shaped 
openings 66, to 66 3 and three narrow rectangular open- 
ings 65, to 65 3 are provided. It should be noted that Fig. 
4 corresponds to a cross-sectional view along the line 
C-C in Fig. 15. The rectangular ring-shaped openings 
66, to 66 3 are arranged concentrically, and the openings 
65, to 65 3 having a narrow rectangular planar shape are 
arranged on the inner side of the innermost rectangular 
ring-shaped openings 66,. The narrow rectangular 
openings 65, to 65 3 are arranged parallel to one anoth- 
er, and are arranged on the inner side of the inner cir- 
cumference of the innermost rectangular ring-shaped 
opening 66,. 

[0053] Next, taking the resist film 61 as a mask, the 
thermal oxide film 13 is etched, and the thermal oxide 
film 1 3 exposed at the bottom of the narrow rectangular 
openings 65>, to 65 3 and the rectangular ring-shaped 
openings 66, to 66 3 is removed. The openings having 
the same shape as the narrow rectangular openings 65, 
to 65 3 and openings having the same shape as the rec- 
tangular ring-shaped openings 66, to 66 3 are formed in 
the thermal oxide film 13. Then, the resist film 61 is re- 
moved. This situation is shown in Fig. 5. The narrow rec- 
tangular openings are denoted by the numerals 72 1 to 
72 3 and the rectangular ring-shaped openings are de- 
noted by the numerals 73, to 73 3 . 



[0054] Next, taking the thermal oxide film 13 as a 
mask, the epitaxial layer 12 is etched. As shown in Fig. 
6, the epitaxial layer 12 exposed at the bottom of the 
narrow rectangular openings 72, to 72 3 and the bottom 

5 of the rectangular ring-shaped openings 73, to 73 3 is 
removed, forming narrow grooves . 20, to 20 3 having 
the planar shape of narrow oblong rectangles and locat- 
ed at the position of the narrow rectangular openings 
72, to 72 3 , as well as rectangular ring-shaped grooves 

10 22, to 22 3 having the planar shape of rectangular rings 
and located at the position of the rectangular ring- 
shaped openings 73, to 73 3 . The bottom of the narrow 
grooves 20, to 20 3 and the rectangular ring-shaped 
grooves 22, to 22 3 is located inside the epitaxial layer. 

15 The narrow grooves 20, to 20 3 and the rectangular ring- 
shaped grooves 22, to 22 3 are formed with the same 
depth. 

[0055] Next, an epitaxial layer is grown inside the nar- 
row rectangular grooves 20, to 20 3 and the rectangular 

20 ring-shaped grooves 22, to 22 3 under doping of boron, 
which serves as a P-type impurity which is a opposing 
conductivity type to the epitaxial layer 12. As shown in 
Fig. 7, narrow groove withstand voltage portions 25, to 
25 3 of narrow rectangular shape made of a P-type epi- 

25 taxial layer are formed in the narrow rectangular 
grooves 20, to 20 3 , and an intermediate withstand volt- 
age portion 28 as well as outer withstand voltage por- 
tions 27, and 27 2 made of a P-type epitaxial layer are 
formed in the innermost rectangular ring-shaped groove 

30 22, and the outer rectangular ring-shaped 22 2 and 22 3 . 
[0056] As shown in Fig. 8, the surface of the epitaxial 
layer 12 is abraded to remove the narrow groove with- 
stand voltage portions 25, to 25 3 , the intermediate with- 
stand voltage portion 28 and the outer withstand voltage 

35 portions 27, and 27 2 protruding up from the surface of 
the epitaxial layer, as well as the thermal oxide film 13. 
[0057] Next, after forming a thermal oxide film 14 on 
the surface of the epitaxial layer 1 2 including the surface 
inside of these grooves by thermal oxidation, a PSGfilm 

40 is formed on the surface of the thermal oxide film 14 by 
CVD method or the like. In Fig. 9, numeral 14 denotes 
the thermal oxide film and numeral 15 denotes the PSG 
film. 

[0058] Next, a patterned resist film 62 is formed on 
45 the surface of the PSG film 15, as shown in Fig. 10. This 
resist film 62, whose plan view is shown in Fig. 16, has 
an opening 62a, and at least the narrow groove with- 
stand voltage portions 25, to 25 3 and the epitaxial layer 
12 between the narrow groove withstand voltage por- 
50 tions 25, to 25 3 are located below this opening 62a. 
Here, the opening 62a is rectangular, and its edge is lo- 
cated between the inner ring circumference and the out- 
er ring circumference of the intermediate withstand volt- 
age portion 28. It should be noted that Fig. 10 is a cross- 
55 sectional view along the line D-D in Fig. 16. 

[0059] Then, taking the resist film 62 as a mask, the 
PSG film 15 and the thermal oxide film 14 are etched, 
the PSG film 15 and the thermal oxide film 14 exposed 
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at the opening 62a are removed, and an opening 62b 
having the same shape as the opening 62a is formed in 
the PSG film 15 and the thermal oxide film 14. The epi- 
taxial layer 12, the narrow groove withstand voltage por- 
tions 25, to 25 3 and a part of the intermediate withstand 
voltage portion 28 are exposed at the bottom of the 
opening 62b. Then, the resist film 62 is removed, and 
this situation is shown in Fig. 11. 

[0060] A metal film 17 is formed on the entire surface. 
As shown in Fig. 12, this metal film 17 is in contact with 
the epitaxial layer 12, the narrow groove withstand volt- 
age portions 25 1 to 25 3 , and the intermediate withstand 
voltage portion 28 exposed at the bottom of the opening 
62b. The metal film 17 forms a Schottky junction with 
the epitaxial layer 12, and an ohmic junction with the 
narrow groove withstand voltage portions 25, to 25 3 and 
the intermediate withstand voltage portion 28. 
[0061] Then, a patterned resist film 63 is formed on 
the surface of the metal film 17, as shown in Fig. 13. 
This resist film 63 is formed as a rectangle that is similar 
to the opening 62b, but larger than the opening 62b. 
[0062] Next, taking the resist film 63 as a mask, the 
metal film 17 is etched. The metal film 17 at the exposed 
portions is removed, as shown in Fig.. 14, and forming 
an anode electrode 18 made of the metal film remaining 
at the location where the resist film 63 was formed. This 
anode electrode 18 is an example of an electrode film 
of the present invention. Then, the resist film 63 is 
stripped off, and a cathode electrode 19 made of a metal 
thin film that forms an ohmic junction with the silicon sub- 
strate 11 is formed on the surface of the silicon layer 11 
which is on the side opposite from the epitaxial layer 12. 
[0063] With the above steps, a diode 5 is obtained, 
whose plan view is shown in Fig. 1 and whose cross- 
sectional view along the line A-A in Fig. 1 is shown in 
Fig. 2. It should be noted that for illustrative reasons, the 
anode electrode 18 is not shown in Fig. 1. 
[0064] In this diode 5, the bottom of the anode elec- 
trode film 18 is in contact with the epitaxial layer 12, the 
narrow groove withstand voltage portions 25 1 to 25 3 and 
the intermediate withstand voltage portion 28 exposed 
at the bottom of the opening 62b of the PSG film 1 5 and 
the thermal oxide film 14, as described above. When a 
positive voltage is applied to the anode electrode 1 8 and 
a negative voltage is applied to the cathode electrode 
19, then the Schottky junction between the anode elec- 
trode 18 and the epitaxial layer 12 is forward biased, 
and a current flows from the anode electrode 18 to the 
cathode electrode 19. 

[0065] In this situation, the PN junctions between the 
narrow groove withstand voltage portions 25 1 to 25 3 and 
the epitaxial layer 12 as well as the PN junction between 
the intermediate withstand voltage portion 28 and the 
epitaxial layer 12 are forward biased, but the current 
flowing through the PN junctions is much smaller than 
the current flowing through the Schottky junction. 
[0066] When, conversely, a negative voltage is ap- 
plied to the anode electrode 18 and a positive voltage 
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is applied to the cathode electrode 19, the Schottky junc- 
tion between the anode electrode 18 and the epitaxial 
layer 1 2 as well as the PN junctions between the narrow 
groove withstand voltage portions 25-, to 25 3 and the 

5 intermediate withstand voltage portion 28 and the epi- 
taxial layer 12 are reverse biased, so that no current 
flows. In this situation, near the surface of the epitaxial 
layer 12 on the inner side of the intermediate withstand 
voltage portion 28, a depletion layer spreads from the 

10 Schottky junction between the anode electrode 18 and 
the epitaxial layer 12 in the depth direction of the epi- 
taxial layer 12, and at a deeper portion of the epitaxial 
layer 1 2, a depletion layer spreads from the PN junctions 
between the intermediate withstand voltage portion 28 

15 and the narrow groove withstand voltage portions 25-, 
to 25 3 and the epitaxial layer 12 in lateral direction within 
the epitaxial layer 12. 

[0067] In this diode 5, the distance a between the long 
sides of the narrow groove withstand voltage portions 

zo 25-, to 25 3 and the inner ring circumference of the inter- 
mediate withstand voltage portion 28 is set to twice the 
distance b between the short sides of the narrow groove 
withstand voltage portions 25 1 to 25 3 and the inner ring 
circumference of the intermediate withstand voltage 

25 portion 28. Furthermore, the distance c between the in- 
ner ring circumference of the innermost of the outer with- 
stand voltage portions 27-, and the outer ring circumfer- 
ence of the intermediate withstand voltage portion 28, 
the distance u between the adjacent outer withstand 

30 voltage portions 27-, and 27 2 , and the distance d be- 
tween the adjacent long side of the narrow groove with- 
stand voltage portions 25 1 to 25 3 are all equal to the 
distance a between the long sides of the narrow groove 
withstand voltage portions 25, to 25 3 and the inner ring 

35 circumference of the intermediate withstand voltage 
portion 28. Here, the distance a is set to 2.4 urn and the 
ring width w is set to 0.6 u.m. 

[0068] With this structure, assuming that due to the 
depletion layer spreading in the lateral direction from the 

40 intermediate withstand voltage portion 28 and the nar- 
row groove withstand voltage portions 25, to 25 3 , the 
epitaxial layer 12 between the long sides of the narrow 
groove withstand voltajge portions 25, to 25 3 and inner 
ring circumference of the intermediate withstand voltage 

4 5 portion 28 becomes depleted, then the epitaxial layer 
12 on the inner side of the intermediate withstand volt- 
age portion 28, between the innermost outer withstand 
voltage portion 27, and the outer ring circumference of 
the intermediate withstand voltage portion 28, and be- 

50 tween the adjacent outer withstand voltage portions 27, 
and 27 2 is depleted by the depletion layer spreading in 
the lateral direction from the intermediate withstand volt- 
age portion 28. 

[0069] Furthermore, with this diode 5, the ring width 
55 w of the. outer withstand voltage portions 27, and 27 2 
and the intermediate withstand voltage portion 28 as 
well as the width y of the narrow groove withstand volt- 
age portions 25, to 25 3 are the same. 
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[0070] The depletion layers spread not only in the epi- 
taxial layer 12, but also inside the narrow groove with- 
stand voltage portions 25, to 25 3 , the intermediate with- 
stand voltage portion 28, and the outer withstand volt- 
age portions 27 1 and 27 2 . Since the width y of the narrow 5 
groove withstand voltage portions 25 1 to 25 3 , and the 
width w of the intermediate withstand voltage portion 28 
and the outer withstand voltage portions 27, and 27 2 
are the same, when the inside of the narrow groove with- 
stand voltage portions 25 1 to 25 3 is completely depleted, 10 
the inside of the intermediate withstand voltage portion 
28 and the outer withstand voltage portions 27, and 27 2 
is completely depleted. So that the epitaxial layer 12 lo- 
cated on the inner side of the outermost outer withstand 
voltage portion 27 2 , as well as the inside of the narrow 15 
groove withstand voltage portions 25, to 253, the inter- 
mediate withstand voltage portion 28 and the outer with- 
stand voltage portions 27, and 27 2 are completely de- 
pleted. 

[0071] Consequently, there is no local concentration 20 
of electric fields at portions located on the inner side 
from the outermost outer withstand voltage portion 27 2 . 
Therefore, the withstand voltage is higher than in con- 
ventional elements, in which there are locations that are 
not depleted, and these locations occur local concen- 25 
tration of electric fields. 

[0072] It should be noted that the above-described di- 
ode 5 has been explained for the case that two outer 
withstand voltage portions 27, and 27 2 are provided, but 
the present invention is not limited to this embodiment, 30 
and it is also possible to provide only one or three or 
more outer withstand voltage portions 27. If three or 
more outer withstand voltage portions 27 are provided, 
and if the distance a between the long sides of the nar- 
row groove withstand voltage portions 25, to 25 3 and 35 
the inner ring circumference of the intermediate with- 
stand voltage portion 28 is set to twice the distance b 
between the short sides of the narrow groove withstand 
voltage portions 25, to 25 3 and the inner ring circumfer- 
ence of the intermediate withstand voltage portion 28, <o 
and the distance c between the inner ring circumference 
of the innermost of the outer withstand voltage portions 
27, and the outer ring circumference of the intermediate 
withstand voltage portion 28, the distance u between ad- 
jacent outer withstand voltage portions 27, and the dis- 45 
tance d between the adjacent long sides of narrow 
groove withstand voltage portions 25, to 25 3 are all 
equal to the distance a between the narrow groove with- 
stand voltage portions 25, to 25 3 and the intermediate 
withstand voltage portion 28, and the width w of the in- 50 
termediate withstand voltage portion 28 and the outer 
withstand voltage portions 27 as well as the width y of 
the narrow groove withstand voltage portions 25, to 25 3 
are all the same, then, as in the diode 5, the epitaxial 
layer 1 2 located on the inner side of the outermost outer 55 
withstand voltage portion 27 as well as inside of the nar- 
row groove withstand voltage portions 25, to 25 3 , the 
intermediate withstand voltage portion 28, and the outer 



withstand voltage portions 27 ail become depleted. 
[0073] Furthermore, the present invention is not lim- 
ited to the structure described above, and it is also pos- 
sible to provide a diode 2 comprising the below-de- 
scribed relay diffusion layer in addition to the above-de- 
scribed diode 5, as shown in the plan view of Fig. 17 
and in Fig. 18, which is a cross-sectional view along the 
line F-F in Fig. 17. It should be noted that for illustrative 
reasons, the anode electrode 18 is not shown in Fig. 17. 
[0074] In this diode 2, as in the diode 5, the anode 
electrode 18 is in contact with the intermediate with- 
stand voltage portion 28, the narrow groove withstand 
voltage portions 25, to 25 3 and the epitaxial layer 12, 
but not in contact with the innermost outer withstand 
voltage portion 27, and the outermost outer withstand 
voltage portion 27 2 . 

[0075] Different from the diode 5, relay diffusion lay- 
ers 52c and 52d both made of shallow P-type impurity 
diffusion layers which is the same conductivity type to 
the intermediate withstand voltage portion and the outer 
withstand voltage portion, are provided at the surface of 
the epitaxial layer 12 between the intermediate with- 
stand voltage portion 28 and the innermost outer with- 
stand voltage portion 27,, and between the adjacent 
outer withstand voltage portions 27, and 27 2 . Here, the 
relay diffusion layers 52c and 52d are arranged in direct 
contact to the inner ring circumference of the outer with- 
stand voltage portions 27, and 27 2 . 
[0076] With this diode 2, when the PN junctions be- 
tween the narrow groove withstand voltage portions 25, 
to 25 3 and the intermediate withstand voltage portion 28 
and the epitaxial layer 12 are reverse biased, a voltage 
is applied directly from the anode electrode 18 to the 
intermediate withstand voltage portion 28 and the nar- 
row groove withstand voltage portion 25, to 25 3 at the 
areas between the intermediate withstand voltage por- 
tion 28 and the narrow groove withstand voltage por- 
tions 25, to 25 3 , so that depletion layers spread reliably 
from the intermediate withstand voltage portion 28 and 
the narrow groove withstand voltage portions 25, to 25 3 . 
The depletion layers spreading from the intermediate 
withstand voltage portion 28 spread in inward direction 
as well as in outward direction, and the outwardly 
spreading depletion layer spreads toward the innermost 
outer withstand voltage portion 27,. 
[0077] In the portions where the relay diffusion layers 
52c are provided, the width of the epitaxial layer 1 2 with- 
out the relay diffusion layers 52c between the interme- 
diate withstand voltage portion 28 and the innermost 
outer withstand voltage portion 27, is smaller than in the 
portions where the relay diffusion layers 52c are not pro- 
vided. 

[0078] Therefore, the portions in which the width of 
the epitaxial layer 12 is smaller are depleted faster than 
the portions with greater widths, so that the portions 
where the relay diffusion layers 52c are provided are de- 
pleted at a voltage that is lower than the voltage deplet- 
ing the portions where the relay diffusion layers 52c are 
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not provided. 

[0079] Consequently, the innermost outer withstand 
voltage portion 27, and the intermediate withstand volt- 
age portion 28 are connected through the depleted epi- 
taxial layer 12 and the relay diffusion layers 52c, and the 
innermost outer voltage portion 27 1 is no longer at float- 
ing potential. Therefore, the potential of the innermost 
outer withstand voltage portion 27, is stabilized with a 
voltage that is lower than the voltage necessary to de- 
plete those portions of the epitaxial layer 12 between 
the innermost outer withstand voltage portion 27 1 and 
the intermediate voltage portion 28 where no relay dif- 
fusion layers 52c is provided. As a result, the spreading 
of the depletion layer spreading from the innermost out- 
er withstand voltage portion 27 1 is stabilized. The de- 
pletion layer spreading from the innermost outer with- 
stand voltage portion 27, spreads in outward direction 
as well as in inward direction, and the depletion layer 
spreading in outward direction spreads toward the out- 
ermost outer withstand voltage portion 27 2 adjacent to 
the innermost outer withstand voltage portion 27,. 
[0080] Same as the epitaxial layer 1 2 between the in- 
termediate withstand voltage portion 28 and the inner- 
most outer withstand voltage portion 27., as described 
above, those portions of the epitaxial layer 12 between 
the innermost outer withstand voltage portion 27 1 and 
the outermost outer withstand voltage portion 27 2 adja- 
cent each other where the relay diffusion layers 52d are 
provided are depleted at a voltage that is lower than the 
voltage depleting the portions where the relay diffusion 
layers 52d are not provided. 

[0081] The relay diffusion layers 52c and 52d may be 
arranged between the outer withstand voltage portions 
27 1 and 27 2 , which are both at floating potential, and 
between the intermediate withstand voltage portion 28, 
which is connected to the anode electrode 18 and thus 
at a fixed potential, and the innermost outer withstand 
voltage portion 27 1t which is at floating potential. 
[0082] In the above-described diode 2. the anode 
electrode 18 is arranged so that it is in contact with the 
intermediate withstand voltage portion 28. If the anode 
electrode 18 of the above-described diode 2 is arranged 
so that it is not in contact with the intermediate withstand 
voltage portion 28, the intermediate withstand voltage 
portion 28 is at floating potential so that its potential does 
not settle. Then, applying a voltage to the anode elec- 
trode 18, the depletion layer spreading from the inter- 
mediate withstand voltage portion 28 to the narrow 
groove withstand voltage portions 25, to 25 3 becomes 
unstable. 

[0083] In this case, the relay diffusion layers having 
same conductivity type to the intermediate withstand 
voltage portion and the outer withstand voltage portion, 
may be arranged not only between the outer withstand 
voltage portions 27, and 27 2 , which are both at floating 
potential, and between the intermediate withstand volt- 
age portion 28 and the innermost outer withstand volt- 
age portion 27,, which are both at floating potential, but 



also between the intermediate withstand voltage portion 
28, which is at floating potential, and the narrow groove 
withstand voltage portions 25, to 25 3 , which are con- 
nected to the anode electrode 18 and thus at a fixed 

5 potential. In the structure having the relay diffusion layer 
comparing to the structure without the relay diffusion 
layer, the depletion layer between the intermediate with- 
stand voltage portion 28 and the narrow groove with- 
stand voltage portions 25, to 25 3 , reaches at a low volt- 

10 age, and the potential of the intermediate withstand volt- 
age portion 28 is stabilized. 

[0084] A relay diffusion layer may be arranged be- 
tween diffusion layers that are both at floating potential 
or between a diffusion layer with fixed potential and a 

is diffusion layer put to floating potential. 

[0085] In the diode 2 having a structure as shown in 
Figs. 17 and 18, a plurality of relay diffusion layers were 
arranged in the part of around the inner ring circumfer- 
ence of the outer withstand voltage portions, but the re- 

20 lay diffusion layers are not limited to this structure, and 
it is also possible to arrange a relay diffusion layer 
around the entire inner ring circumference or outer ring 
circumference. 

[0086] The above-described diode 2 has been ex- 

25 plained for the case that two outer withstand voltage por- 
tions 27, and 27 2 are provided, but it is also possible to 
provide only one or three or more outer withstand volt- 
age portions. In that case, if there is only one portion in 
which no relay diffusion layer 52 is arranged between 

30 adjacent outer withstand voltage portions, the depletion 
layer may break off at this portion and breakdown may 
occur, but if the relay diffusion layer is arranged between 
all adjacent outer withstand voltage portions, all outer 
withstand voltage portions 27, from the innermost outer 

35 withstand voltage portion 27 to the outermost withstand 
voltage portion 27, are connected by depletion layers, 
so that no breakdown occurs at intermediate locations. 
[0087] Furthermore, in the above-described diode 2, 
the relay diffusion layers 52c and 52d are arranged such 

40 that they are in contact with the inner ring circumference 
of the outer withstand voltage portions 27 A and 27 2 that 
are at floating potential, but it is sufficient if the relay dif- 
fusion layers 52c and 52d are arranged between a dif- 
fusion layer with fixed potential and a diffusion layer ar- 

45 ranged on the outer side thereof and at floating potential. 
The relay diffusion layers may be arranged such that 
they contact the outer ring circumference of the diffusion 
layer with fixed potential, or may be arranged between 
those adjacent diffusion layers without contacting their 

50 inner or outer circumferences. 

[0088] Furthermore, in the above-described embodi- 
ment, the anode electrode 18 contacts the intermediate 
withstand voltage portion 28, but the present invention 
is not limited to this, and it is also possible to comprise 

55 a diode 3 that is similar to the structure of the diode 5 
except that the anode electrode 18 is not in contact with 
the surface of the epitaxial layer 12 between the narrow 
groove withstand voltage portions 25, to 25 3 and the 
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intermediate withstand voltage portion 28, as shown in 
the plan view of Fig. 19 and in Fig. 20, which is a cross- 
sectional view along the line G-G in Fig. 19. It should be 
noted that for illustrative reasons, the anode electrode 
18 is not shown in Fig. 19. 

[0089] With this structure, no Schottky junction is 
formed at the epitaxial layer 12 between the narrow 
groove withstand voltage portions 25 1 to 25 3 and the 
intermediate withstand voltage portion 28, so that differ- 
ent to diode 5, there is no depletion layer spreading in 
the depth direction of the epitaxial layer 12 from the 
Schottky junction in the epitaxial layer 12 between the 
intermediate withstand voltage portion 28 and the long 
sides of the narrow groove withstand voltage portions 
25 1 to 25 3 . In the diode 3, depletion layers spread in 
lateral direction from the inner ring circumference of the 
intermediate withstand voltage portion 28 and the nar- 
row groove withstand voltage portions 25! to 25 3 , as in 
the diode 5, when the epitaxial layer 12 is depleted be- 
tween the inner ring circumference of the intermediate 
withstand voltage portion 28 and the long sides of the 
narrow groove withstand voltage portions 25-, to 25 3 by 
the due to these depletion layer. The epitaxial layer 12 
between the inner ring circumference of the intermedi- 
ate withstand voltage portion 28 and the short sides of 
the narrow groove withstand voltage portions 25, to 25 3 
and the epitaxial layer 12 between the innermost outer 
withstand voltage portion 27, and the outer ring circum- 
ference of the intermediate withstand voltage portion 28 
are depleted as in the diode 5, so that all of the epitaxial 
layer 12 on the inner side of the innermost outer with- 
stand voltage portion 27, becomes depleted. 
[0090] Furthermore, in the foregoing explanations, 
the first conductivity type was N and the second con- 
ductivity type was P, but it is also possible that the first 
conductivity type is P and the second conductivity type 
isN. 

[0091] As explained above, it is possible to attain a 
diode with high withstand voltage and without electric 
field concentrations. 

[0092] The invention may be embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as 
illustrative and not restrictive, the scope of the invention 
being indicated by the appended claims rather than by 
the foregoing description. All changes that come within 
the meaning and range of equivalency of the claims are 
intended to be embraced therein. 



Claims 

1. A diode element, comprising: 

a substrate of a first conductivity type; 

a plurality of grooves formed in a main surface 

of the substrate; 



a semiconductor filler that is made of a semi- 
conductor of a second conductivity type, which 
is opposite to the first conductivity type, filled 
into the grooves; and 
5 an electrode film arranged on the main surface; 

wherein a Schottky junction is formed at a por- 
tion where the electrode film contacts surface of the 
substrate, and an ohmic junction is formed at a por- 

1 ° tion where the electrode film contacts surface of the 
semiconductor filler; 

wherein the grooves comprise a first narrow 
groove ring, whose planar shape is a ring and 
whose inner circumference is quadrilateral, and a 

*5 plurality of rectangular narrow grooves, whose pla- 
nar shape is that of an narrow rectangle, which are 
arranged at positions on the inner side of the inner 
ring circumference of the first narrow groove ring, 
and four sides of the rectangular narrow groove are 

20 arranged parallel to the inner ring circumference of 
the first narrow groove ring; 

wherein one intermediate withstand voltage 
portion and a plurality of narrow groove withstand 
voltage portion are comprised by the semiconduc- 

25 tor filler filled into the first narrow groove ring and 
the rectangular narrow grooves; 

wherein the surface of the narrow groove 
withstand voltage portions and the substrate sur- 
face between the narrow groove withstand voltage 

30 portions is in contact with the electrode film; and 
wherein the distance a between the long sides 
of the narrow groove withstand voltage portions op- 
posing to the inner ring circumference of the inter- 
mediate withstand voltage portion and the inner ring 

35 circumference of the intermediate withstand volt- 
age portion is set to substantially twice the distance 
b between the short sides of the narrow groove with- 
stand voltage portions and the inner ring circumfer- 
ence of the intermediate withstand voltage portion. 

40 

2. The diode element according to claim 1, wherein 
the intermediate withstand voltage portion does not 
contact the electrode film and is at floating potential. 

45 3. The diode element according to claim 1, 

wherein the grooves further comprise a ring- 
shaped second narrow groove ring enclosing the 
first narrow groove ring; 

wherein an outer withstand voltage portion is 
50 comprised the semiconductor filler filled into the 
second narrow groove ring; 

wherein the intermediate withstand voltage 
portion contacts the electrode film; and 

wherein the outer withstand voltage portion 
55 does not contact the electrode film and is at floating 
potential. 

4. The diode element according to claim 1, 
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comprising a plurality of narrow groove with- 
stand voltage portions; 

wherein the narrow groove withstand voltage 
portions are arranged in parallel to one another at 
a distance d between the long sides of the narrow 5 
groove withstand voltage portions; and 

wherein the distance d is substantially the 
same as the distance a between the long sides of 
the narrow groove withstand voltage portions op- 
posing to the inner ring circumference of the inter- 10 
mediate withstand voltage portion and the inner ring 
circumference of the intermediate withstand volt- 
age portion. 

The diode element according to claim 3, wherein a 15 
ring width w of the outer withstand voltage portion 
and the intermediate withstand voltage portion is 
substantially the same as a width y of the rectangu- 
lar narrow grooves, and a distance c between the 
inner ring circumference of the outer withstand volt- 20 
age portions and the outer ring circumference of the 
intermediate withstand voltage portion is substan- 
tially the same as the distance a between the long 
sides of the narrow groove withstand voltage por- 
tions opposing to the inner ring circumference of the 25 
intermediate withstand voltage portion and the in- 
ner ring circumference of the intermediate with- 
stand voltage portion. 

The diode element according to claim 4, wherein a 30 
ring width w of the outer withstand voltage portion 
and the intermediate withstand voltage portion is 
substantially the same as a width y of the rectangu- 
lar narrow grooves, and a distance c between the 
inner ring circumference of the outer withstand volt- 35 
age portions and the outer ring circumference of the 
intermediate withstand voltage portion is substan- 
tially the same as the distance a between the long 
sides of the narrow groove withstand voltage por- 
tions opposing to the inner ring circumference of the *o 
intermediate withstand voltage portion and the in- 
ner ring circumference of the intermediate with- 
stand voltage portion. 
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